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ABSTRACT 
The relationship between social rank and sexual behavior 
of the male swordtail (Xiphophorus helleri) was studied. Initially 
three tanks were established with three males and two females in 
each. Social rank, aggressive and sexual levels were recorded by 
observation of the interactions which occurred·in the tanks. A 
second series of observations were made with the fish regrouped 
according to their initial rank, that is, dominant males grouped 
together, middle ranking males together and the lowest ranking 
males together. Aggressive and sexual levels were the highest 
for the highest ranking males in all tanks and in both trials, 
although the levels of some subordinate fish were close to those 
of the dominant fish. When high ranking fish were placed together 
the levels of aggressive and sexual behavior increased strikingly 
for each one, including the male which became the lowest ranking 
male in the tank. In most cases aggressive and sexual behaviors 
increased or decreased both qualitatively and quantitatively in 
conjunction with a change in social rank. It was concluded that 
the amount of stress increased as the rank was lowered, and 
inhibited the sexual behavior accordingly. Thus, when a fish 
changed his rank, his expressed sexual behavior changed also. 
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INTRODUCTION AND LITERATURE REVIEW 
The sexual behavior and the dominant-submissive rela-
tionships of poeciliid fishes have been well known for years. 
Much of this work has been done using the swordtail (Xiphophorus 
helleri) and the platy (Platypoecilus maculatus). A large 
portion of the work conducted with these two fish has been 
done on their sexual behavior. Aronson (1957), and Franck 
(1968) have reported good generalized descriptions of the 
sexual behavior involved. Scholsberg ~ al. (1949) divided 
the mating pattern into six basic interactions, while Clark 
et al. (1954) divided it into ten, and Shaw (1962) into 
seven. The interactions that represented the higher levels 
of sexual behavior were the copulatory attempt, sidling, 
displays to the female, and backing. These four activities, 
as defined by Shaw (1962), were used to indicate in a quan-
titative manner the level of sexual behavior of the male 
swordtail. 
Most of the work on dominance has been done by Braddock 
(1945, 1949) on P. maculatus, although some work has been 
done on X. helleri (Collins et al. 1967, Thines and Heuts 
1968). The dominant-subordinate behaviors most frequently 
exhibited were chasing or nipping, displays, and avoidance 
of dominant fish by subordinate fish (Braddock 1949, Collins 
et al. 1967). In his work Braddock (1945) noted that the 
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fish could recognized each other as individuals, that the 
amount of aggressive behavior exhibited by a fish corre-
sponded to its rank, and that the general level of aggression 
and the size of the fish are important factors in determining 
dominance. In later work, Braddock (1949) showed that the 
effect of prior residence of a fish on the establishment of 
their rank and the social order becomes less as time passes. 
He also showed that while prior residence may have an effect, 
the effect of size difference between the fish may be the more 
important factor in determining eventual rank. 
Little work has been done on the interrelationship of 
an organism's rank in a hierarchy and sexual behavior. Some 
work has been done with mammals and some birds. Davis (1966) 
shows in several studies with various rodents that social 
rank influences sexual activity by causing physiological 
changes to occur in the individuals. The level of "stress" 
can determine the amount of hormones released by the anterior 
pituitary gland. The level of adrenocorticotropic hormone 
(ACTH) in turn effects the adrenal glands, which by the 
hormones they produce may inhibit the gonads. Inhibition 
of the gonads results in lowered amounts of the hormones 
necessary for sexual behavior to be expressed. A. M. Guhl 
(1956) studied the relationship between social rank in 
chickens and their sexual activity. He showed that the 
lower a male's rank the lower the level of sexual activity. 
The dominant male supressed the subordinate's expression of 
sexual behavior to varying degress. Some subordinates may 
... 
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be supressed totally and may not respond at all even when 
the dominant males have been removed. Study of the rela-
tionship between the social rank of a male swordtail and 
his expressed sexual behavior is the purpose of this invest-
igation . 
METHODS 
Four identical 15 gallon (56.78 1) tanks (77.S cm 
x 31.75 cm x 30.5 cm) were set up in the beginning of June. 
Each tank had a thermometer, coarse gravel 2.5 cm in depth, 
a heater regulated to 76°F (24.4°C), a small outside filter, 
and a glass lid. All tanks had the sides covered with black 
paper to visually isolate the groups of fish, as well as to 
cut down on the growth of algae. Three tanks were placed 
side by side on one long table, and were used as the obser-
vation tanks. The fourth.tank was placed apart and was used 
as a holding tank for a reserve supply of fish. The tanks 
were maintained throughout the summer, and contained guppies 
(Poecilia reticulata) or swordtails (Xiphophorus helleri) 
except for the four weeks immediately prior to the study 
when they contained no fish. 
Twenty-four swordtails were purchased from an Illinois 
dealer on 23 August, 1975. Twelve were of the "brick-red" 
variety, and twelve of the "green" variety. The number of 
males and females of each variety were equal. The fish 
remained in bags until 25 August, when they were placed in 
the observation tanks in groups of three males and two females. 
The tanks had been treated with Aquari-sol, a preventative 
and treatment for ich, on the 25th prior to the introduction 
of the fish. Shortly after the fish were place in the tanks 
-4-
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one fish died. This occurred before the observations began. 
As a precaution, the filters were shut off daily after the 
last observation, and all tanks were treated with Nox-ich, 
a malachite green treatment for ich, from 26 through 28 
August. The filters were started each morning one hour prior 
to the morning observation. 
The placement of the males in each tank was arbitrary 
- the first three males to exit from the bags, regardless of 
variety, remained in that tank for the first series of 
observations. Each male could be recognized by its distinctive 
markings. The females placed in each observation tank 
included one "brick-red" and one "green" to permit ease in 
recognition during the observations. All remaining fish, 
males and females, were placed in the holding tank. Each 
male was given a code number to identify it, and each female 
had a code letter. 
A data sheet (Fig. 1) was developed to record the 
observed behaviors. Only specific aggressive and sexual 
behaviors were counted. Each time a behavior was observed, 
a mark was placed in the appropriate box indicating the fish 
exhibiting that behavior, and the fish that was the object 
of the action. The types of interactions that were recorded 
were those used by Shaw (1962), and as described by Clark 
et al. (1954). They were: 
Chasing of one fish by another of the same or different 
sex. 
Avoidance of one fish by another of the same or different 
sex. 
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Displays between males or by males toward a female. 
Copulatory Attempts by a male towards a female. 
Backing, a behavior in which a male moves closely 
alongside a female and passes ventrally from one side of 
the female to the other. 
S-curve, a behavior in which a male spreads his dorsal 
and caudal fins while curving his body into an s-shape with 
his head higher than his tail. 
Observation periods of 15 minutes were held twice a 
day for each observation tank throughout the study. Half-
way through each observation period food was added to initiate 
or increase interactions among the fish. These were the only 
times the fish were fed. The fish were observed, in their 
original tanks, while the hierarchies were being established, 
and for one week after the fish in each tank had established 
firm hierarchies. Determination of a firm hierarchy was 
based on the consistancy of a fish to avoid or dominate 
another. When all the fish in the tank consistantly reacted 
to its fellow tank-mates a firm hierarchy was considered to 
have been established. 
At this time the fish were regrouped so that the 
highest ranking males from each tank were placed in one tank, 
the second ranking males in a second tank, and the lowest 
ranking males in the third tank. All females were removed 
and two new females of contrasting color were placed in 
each tank. Observations again continued through the estab-
lishment of hierarchies and until one week after the last 
-s-
tank exhibited a firm hierarchy. 
Observation periods were begun on the evening of 
25 August, and continued until 14 September. The evening 
of the third day of observations male #6 in Tank #2 was 
found dead during the observation period. After the session 
he was replaced by male #10 of the same variety, "brick-red". 
Observations continued until the ninth day of observations, 
when male #7 in Tank #3 was found dead during the morning 
session. He was not replaced as this was the final day of 
the first series of trials, all tanks having had firm hier-
archies for one week. 
After the evening session on the ninth day of obser-
vations, the eight remaining males were removed from their 
original tanks and placed together in the holding tank for 
15 minutes. Then the three highest ranking males were placed 
in Tank #1. The three second ranking males were placed in 
Tank #2, and the two remaining males, those who had ranked 
the lowest, were placed in Tank #3. All females were replaced 
with females from the holding tank so that no male had a 
prior relationship established with a female in his tank. 
The second series of observations proceeded for 10 additional 
days, one week after the third tank had reached criteria for 
the establishment of a firm hierarchy. 
RESULTS 
The criterion for a firm hierarchy was based ori 
the consistancy of a fish to avoid or dominate another. 
When all of the fish within the tank consistantly reacted 
to their fellow tank-mates a firm hierarchy was considered 
to have been established. Firm hierarchies were considered 
established in the original tanks by the morning observation 
session on 30 August, 1975, after five days of interactions. 
The total number of aggressive and sexual interactions by 
each male during the first four days after criterion for a 
firm hierarchy was reached is shown in Table 1. S-curves 
were rare; only two were observed, both performed by fish 
#5. Those males who ranked the highest, based upon aggression, 
had the highest number of sexual interactions, while those 
who ranked lowest had the lowest number of sexual interactions. 
Males with high ranks chased those with lower ranks, and 
did upon occasion avoid lower ranking males. 
In the second series of trials, in each of the tanks 
containing groupings of equal ranking males, criterion for 
a firm hierarchy was reached by the morning observation 
session on 8 September, 1975, after four days of interactions. 
The total number of aggressive and sexual interactions by 
each male during the first four days of interaction after 
criterion for a firm hierarchy was reached is shown in 
-9-
T
ab
le
 1
. 
T
ot
al
 n
u
m
be
r 
o
f 
a
gg
re
ss
iv
e 
a
n
d 
s
e
x
u
a
l 
in
te
ra
ct
io
ns
 b
y 
e
a
c
h 
m
a
le
 i
n 
th
e 
fi
rs
t 
s
e
ri
es
 o
f 
tr
ia
ls
 
AG
GR
ES
SI
ON
 
SE
XU
AL
 
F
is
h 
D
om
in
an
t 
Su
bo
rd
in
at
e 
N
um
be
r 
Ra
nk
 
C
ha
se
s 
A
vo
id
ed
 
C
ha
se
d 
A
vo
id
in
g 
~
 
B~
ck
in
g_
 
D
is
pl
ay
 
T
ot
al
 
1 
1 
11
0 
28
 
0 
12
 
20
0 
27
 
25
 
25
2 
5 
1 
22
 
44
 
0 
0 
88
 
4 
23
* 
11
5 
8 
1 
15
0 
62
 
0 
0 
25
1 
0 
3 
25
4 
.
.
.
 
3 
2 
0 
1 
0 
14
 
11
5 
2 
6 
12
3 
4 
2 
22
 
22
 
11
 
17
 
41
 
1 
2 
44
 
9 
2 
0 
14
 
3 
40
 
32
 
4 
1 
37
 
2 
3 
0 
.
; 
13
 
11
0 
16
 
1 
2 
0 
3 
7 
3 
0 
19
 
14
7 
55
 
32
 
0 
2 
34
 
10
 
3 
0 
0 
33
 
49
 
4 
1 
0 
5 
*
 
S-
cu
rv
es
 
(2
) 
c
o
u
n
te
d 
in
 a
s 
di
sp
la
ys
. 
I 
.
.
.
.
.
.
 
0 I 
-11-
Table 2. The amount of aggression shown by the highest 
ranking male in each tank is strikingly higher than that 
of its fellow tank-mates. Only once did a high ranking 
male avoid a lower ranking male. In all cases the highest 
ranking male had the highest number of sexual interactions. 
In most cases, except b~tween fish #5 and #1 in Tank #1, 
the highest ranking males' number of sexual interactions 
was significantly greater than any of the lower ranking 
males. 
As can be seen in Table 3 aggression either increased 
or remained level with an increase in rank, and either 
decreased or remained level with a decrease in rank. In 
most cases sexual behavior increased or decreased in con-
junction with an increase or decrease in rank. In two 
cases, with fish #3 and #9, this did not show. In the case 
of fjsh 13, there was a decrease in sexual interactions 
while the rank remained stationary. In the case of fish 
#9, there was an increase in sexual interactions although 
the rank had decreased. 
Females did show aggression towards males at times 
during the trials. Both dominant and subordinant females 
chased males. The males were of all three ranks. After 
running trial one it was found that a sexually immature 
male had been used as a female. The tank he had been in 
was not noted as he did not show secondary sexual charac-
teristics until several days after being removed from the 
presence of other male fish and being only with females. 
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·Table 3. Total number of aggressive and sexual interactions 
by each male in each hierarchy. 
Fish 
Number 
1 
2 
3 
4 
5 
r/: 
8 
9 
10 
Rank 
1 
3 
3 
2 
2 
2 
2 
1 
1 
1 
3 
1 
2 
2 
3 
3 
1 
AGGRESSION 
Dominant 
Interactions 
138 
5 
13 
0 
1 
91 
44 
630 
66 
364 
19 
212 
51 
14 
0 
0 
268 
Subordinate 
Interactions 
12 
313 
126 
268 
14 
263 
28 
0 
0 
1 
202 
36 
70 
43 
458 
82 
0 
SEXUAL 
ACTIVITY 
252 
145 
3 
35 
123 
38 
44 
542 
115 
157 
34 
254 
68 
37 
80 
5 
470 
DISCUSSION 
The results of the study indicate that the amount 
of sexual and aggressive behavior varied with the rank of 
each male, and that they are not dependent upon the fish's 
original rank. Thus an increase or decrease in rank generally 
resulted in an increase or decrease in sexual and/or aggres-
sive behavior. The original rank did influence the degree 
of expression to the extent that those males who originally 
had had a high rank all had higher levels than any male 
who had originally had a low rank and increased it. Thus 
a male who had been dominant and lost rank could exhibit 
the same amount of sexual or aggressive behavior as one who 
had been subordinate and had increased his rank in the 
second series of trials. The exceptions to this were fish 
#3 and #9 who were subordinant to dominant males with the 
highest number of chases. Fish #3 remained the same in 
rank, and decreased markedly in both sexual and aggressive 
interactions. This could be attributed to the markedly 
increased aggressive behavior of the dominant fish, fish 
#4, over that of the previous dominant fish, fish #1. Fish 
#4 exhibited more than twice the number of aggressive inter-
actions than had fish #1. Fish #9 decreased in rank, and 
decreased in aggression. However his sexual interactions 
increased. It is possible that while he did decrease in 
-14-
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rank his tank mates had expressed increased aggression 
between themselves, thus leaving fish #9 more freedom to 
express sexual behavior than in the other tanks. Fish #9 
did show a large number of subordinant aggre.ssive beflaviors, 
however the number of times he was chased by a dominant 
fish is close to that of fish #3, the middle ranking fish 
in the tank. Thus it would appear that the two dominant 
fish did spend a sufficient amount of time in mutual aggres-
sive behavior. 
It is well known for many mammals that a high rank 
is an advantage in mating priority (Davis, 1966). In some 
cases females will not accept the attentions or attempts of 
a male who ranks lower than she does. This has a selective 
advantage in the maintenance of the species by retaining 
aggressive behaviors necessary for protection of the indi-
vidual while permitting the organisms to remain together 
for protection and/or breeding purposes. In swordtails a 
high rank is of advantage in that without it the sexual 
behavior of the male can be inhibited by the presence of a 
dominant male. 
Fish #7 died just prior to the re-grouping of the 
males. This is of importance in that it left one tank 
with only two males instead of three. Upon examination of 
the data it appears that fish #7 had ranked a close third 
in his original tank. Examination of fish #7 at death did 
not reveal any outward signs of a physical cause of death. 
Stress resulting from dominance interactions frequently 
-16-
causes death of one or more low ranking males. In trial 
one, fish #7 was chased most, indicating that he was under 
the highest level of stress shown to any of the lowest 
ranking males. Death due to stress was seen in swordtails 
in two preliminary series run prior to the study, and is 
widely reported for other vertebrates (Davis, 1966). 
No copulatory attempts were noted during either trial 
series. This could be due to misinterpretation of the 
movement by the observer, as well as the short time periods 
used as observation periods. Copulatory attempts were seen 
in the two one-trial series run prior to the study, although 
they were extremely infrequent. 
The accidental use of a sexually immature male may 
not be of great significance in that several other females 
exhibited strong aggressive behavior toward the males. This 
was normally shown by chasing the male, and occasionally 
nipping at him. Some females would swim the entire length 
of the tank and chase a particular male. This behavior 
has been described as nonreceptivity toward a male who had 
exhibited some sexual behavior toward them (Clark et al.1954, 
Schlosberg et al. 1949). 
Braddock (1949) in his research on the effect of prior 
residence on dominance in platys (Platypoecilus maculatus) 
showed that prior residence did increase the potential for 
dominance, but that size could overcome this, as well as 
time. Fish #1, #4, and #10 remained in their original tanks. 
Fish #1 decreased in rank, while fish #4 and #10 increased. 
-17-
This would tend to lend credence to Braddock's conclusions, 
especially since both fish #4 and #10 were the largest males 
in their second hierarchy. In the second series of trials, 
larger fish, fish #5 became the dominant fish over fish #1, 
the prior resident of tank #1, over a period of time. It is 
possible that it is the size factor alone of the two which 
determine the ,rank, in that all tanks were as close to 
identical as possible, thus reducing the effects of famil-
iarity with one specific tank. 
Changes in social rank do influence the amount of sexual 
and aggressive expression in the male swordtail. In most 
cases aggression and sexual behavior change in conjunction 
with a change in the social rank, however in some individuals 
this may not occur. In some cases, this could be due to 
accumulated stress as a result of having been in a tank 
with highly aggressive males, which could result in physio-
logical changes in the lower ranking males. 
-18-
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